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After 4 millennia of more or less documented history of cannabis use, the identification of cannabinoids, and
of D9-tetrahydrocannabinol in particular, occurred only during the early 1960s, and the cloning of cannab-
inoid CB1 and CB2 receptors, as well as the discovery of endocannabinoids and their metabolic enzymes, in
the 1990s. Despite this initial relatively slow progress of cannabinoid research, the turn of the century
marked an incredible acceleration in discoveries on the ‘‘endocannabinoid signaling system,’’ its role in
physiological and pathological conditions, and pain in particular, its pharmacological targeting with selec-
tive agonists, antagonists, and inhibitors of metabolism, and its previously unsuspected complexity. The
way researchers look at this system has thus rapidly evolved towards the idea of the ‘‘endocannabinoi-
dome,’’ that is, a complex system including also several endocannabinoid-like mediators and their often
redundant metabolic enzymes and ‘‘promiscuous’’ molecular targets. These peculiar complications of endo-
cannabinoid signaling have not discouraged efforts aiming at its pharmacological manipulation, which,
nevertheless, now seems to require the development of multitarget drugs, or the re-visitation of naturally
occurring compounds with more than one mechanism of action. In fact, these molecules, as compared to
‘‘magic bullets,’’ seem to offer the advantage of modulating the ‘‘endocannabinoidome’’ in a safer and more
therapeutically efficacious way. This approach has provided so far promising preclinical results potentially
useful for the future efficacious and safe treatment of chronic pain and inflammation.

� 2013 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. A rapid excursus from ancient medicinal cannabis to the personal physician, Sir Robert Russell, is said to have suggested its

modern ‘‘endocannabinoidome’’

The medicinal use of cannabis against pain seems to date back
several millennia, and probably originates in ancient China. Shen
Nung (the ‘‘red emperor,’’ 2838–2698 BC), considered the father
of all herbalists, is said to have suggested its use in his book ‘‘The
Herbal’’ (of which, however, only much more recent copies exist).
However, the earliest written reference to the use of hemp against
pain and inflammation is the Chinese Rh–Ya (�1500 BC). Ever
since, evidence exists for the use of cannabis against various
inflammatory and painful conditions in the ancient Egyptian, In-
dian, Greek, and Roman pharmacopeias, and also in medieval Isla-
mic medicine. More recently, the Irish physician William
O’Shaughnessy is credited with introducing the therapeutic use
of cannabis to Western medicine in the 1830s, and Queen Victoria’s
use against menstrual pains and cramps [59].
It took, then, more than one century to identify, in cannabis

flowers, the chemical components likely to be responsible for these
therapeutic actions: a series of terpenophenolic natural products
known as ‘‘cannabinoids’’ (Fig. 1). Cannabidiol (CBD) and D9-tetra-
hydrocannabinol (THC), both present in the plant as their acid
derivatives and produced after the heating or drying of the flowers,
were the first such compounds to be fully characterized in the
early 1960s, and it was soon clear that the latter, and not the for-
mer, was responsible for the psychotropic effects of cannabis and
its recreational preparations [33,54]. This probably explains why,
for several decades, research on CBD lagged behind, and most
experimental efforts were concentrated to understand the mecha-
nism of action of THC, possibly to help prevent what, in the 1960s
and 1970s, seemed to be the dangerous consequences of marijuana
abuse. These efforts culminated, although only between the late
1980s and early 1990s, with the identification of 2 G protein-cou-
pled receptors (GPCRs) for THC, named cannabinoid receptor type-
1 (CB1) and type-2 (CB2) [52,57].

The existence of GPCRs for a xenobiotic compound clearly sug-
gested the presence, in animal tissues expressing such receptors,
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Fig. 1. Chemical structures of the most studied cannabinoids from Cannabis sativa.
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of endogenous ligands, which were indeed identified in the 1990s
as 2 arachidonic acid-derived mediators, anandamide (N-arachido-
noyl-ethanolamine [AEA]) and 2-arachidonoylglycerol (2-AG)
[22,53,73], baptized in 1995 as ‘‘endocannabinoids’’ [26]. These dis-
coveries, in turn, literally unchained a rapid series of events, includ-
ing: (1) the finding of metabolic (both anabolic and catabolic)
routes and corresponding enzymes for the separate regulation of
AEA and 2-AG levels [23]; (2) the development of methods for
endocannabinoid analysis in tissues and biological fluids, and the
understanding that endocannabinoid concentrations are altered
during certain pathological states selectively in tissues affected by
those conditions [47]; (3) the increasing realization that endocan-
nabinoids not only are rather promiscuous mediators and interact
at physiopathological concentrations with other receptors (be they
channels, nuclear receptors or non-CB1, non-CB2 GPCRs) [20], but
are also biosynthesized and degraded through seemingly redun-
dant metabolic pathways and enzymes; and (4) the identification
of endocannabinoid-like bioactive fatty acid amides, often accom-
panying AEA in tissues and sharing some of its biosynthetic or inac-
tivating pathways, but usually acting at non-CB1, non-CB2 receptors
[2]. As a consequence of this series of discoveries, the initial concept
of ‘‘endocannabinoid signaling system’’ as the ensemble of endo-
cannabinoids, their metabolic enzymes, and CB1 and CB2 receptors,
evolved into the as-yet not fully developed idea of the ‘‘endocann-
abinoidome,’’ that is, a more complex system including endocan-
nabinoids and endocannabinoid-like mediators (ELMs) and their
often redundant metabolic enzymes and ‘‘promiscuous’’ molecular
targets (Table 1). It is clear that, in view of these recent develop-
ments, the pharmacological manipulation of endocannabinoid lev-
els and action for therapeutic purposes, initially seen as a safer
alternative to the direct targeting of psychotropic CB1 and immuno-
modulatory CB2 receptors [25], poses new challenges to medicinal
chemists, pharmacologists, and clinicians. Nevertheless, as will be
discussed in this article, in view of the new technologies provided
by the explosion of the ‘‘omic’’ era, and of the understanding that
a more holistic approach is needed to study pain and inflammation
(as with other pathologies), the complexity of the ‘‘endocannabi-
noidome’’ also offers unprecedented opportunities for the develop-
ment of novel ‘‘multitarget’’ analgesic drugs, and for the revisitation
of ‘‘old’’ medicines and natural products.
2. Endocannabinoid-based drugs and ‘‘old’’ medicines: from
‘‘magic bullets’’ to multitarget drugs

Given the widely accepted concept that endocannabinoids are
‘‘pro-homeostatic’’ mediators produced ‘‘on demand’’ to act specif-
ically at the site of pathological conditions [23,47], it was reasoned
that drugs inhibiting their inactivation would prolong the effects of
CB1 and CB2 action in a more tissue-specific manner than ‘‘direct’’
CB1 and CB2 agonists. Therefore, considerable effort has been de-
voted in recent years to developing selective inhibitors of fatty acid
amide hydrolase-1 (FAAH-1) and monoacylglycerol lipase (MAGL),
which are responsible for most of AEA and 2-AG enzymatic hydro-
lysis, respectively [25] (Table 1). These compounds have provided
very promising results in experimental models of chronic and
inflammatory pain and inflammation [32]. However, there are
complications when one inhibits these enzymes. FAAH-1 is also
responsible for the hydrolysis of several ELMs acting at non-CB1,
non-CB2 molecular targets, some of which, like the transient recep-
tor potential vanilloid type-1 (TRPV1) channel, are also activated
by AEA and participate in nociception [24]. Thus, FAAH-1 inhibitors
may cause the indirect activation also of such targets, which may
interfere with the expected analgesic action of these compounds
(although both counteraction and potentiation may occur). On
the other hand, MAGL also participates in the generation of arachi-
donic acid as the biosynthetic precursor for eicosanoids [58].
Whilst some of the latter compounds, such as, for example, prosta-
glandins E2 and F2a, can be proinflammatory and pronociceptive,
others (e.g., prostacyclin I2) play important physiological functions.
Thus, also inhibiting MAGL may produce adverse events. Further-
more, chronic administration of fully effective doses of MAGL
inhibitors causes desensitization of CB1 receptors, and hence toler-
ance [70], a phenomenon that might be avoided using lower but
possibly less effective dosages. Finally, both AEA and, particularly,
2-AG, are inactivated also by other enzymes, for example, some
serine hydrolases (FAAH-2 in the case of the former compound,
and a,b-hydrolase-6 and -12 and FAAH-1 in the case of 2-AG)
[23], the function of which in humans is not known and might in-
clude a compensatory role for FAAH-1 and MAGL inactivation. Per-
haps more importantly, recent evidence [34,38], based on early
in vitro data (reviewed in [66]), indicates that both AEA and



Table 1
The ‘‘endocannabinoidome’’: a partial view of endocannabinoids and chemically similar mediators playing a role in pain or inflammation.

Mediator Molecular target(s) Biosynthetic enzyme(s) Catabolic mechanism(s)

2-Arachidonoyl-glycerol (2-AG) � CB1 = CB2 (agonist)
� GABAA (allosteric enhancer)

� DAGLa
� DAGLb

� Putative membrane transporter
� MAGL
� ABHD6
� ABHD12
� FAAH-1
� COX-2
� 12/15-lipoxygenases

Anandamide (N-arachidonoyl-ethanolamine) � CB1 > CB2 (partial agonist)
� TRPV1 (agonist)
� TRPM8 (inhibitor)
� T-type Ca2+ channels (inhibitor)
� TASK K+ channels (inhibitor)
� PPAR-c (agonist)

� NAPE-PLD
� GDE1
� ABHD4

� Putative membrane
transporter
� FAAH-1
� COX-2
� 12/15-lipoxygenases
� Cytochrome p450

N-oleoyl-ethanolamine (OEA) � PPAR-a (agonist)
� TRPV1 (agonist)
� GPR119 (agonist)

� NAPE-PLD
� GDE1
� ABHD4

� FAAH-1
� FAAH-2

N-palmitoyl-ethanolamine (PEA) � PPAR-a (agonist)
� TRPV1 (allosteric enhancer)
� GPR55 (agonist?)
� PPAR-c (agonist?)

� NAPE-PLD
� GDE1
� ABHD4

� NAAA
� FAAH-1
� FAAH-2

N-arachidonoyl-glycine � GPR18 (agonist)
� T-type Ca2+ channels (inhibitor)
� glycine transporter-2 (inhibitor)

� FAAH-1 (?) � FAAH-1
� 12/15-lipoxygenases

N-acyl-dopamines � TRPV1 (agonists, unsaturated ones)
� CB1 (agonist, arachidonoyl derivative)
� T-type Ca2+ channels (inhibitor)

� FAAH-1 (?) � Putative membrane
transporter
� COMT

N-acyl-serotonins � TRPV1 (antagonists, unsaturated ones)
� FAAH-1 (inhibitors, unsaturated ones)

� Unknown � Unknown

N-arachidonoyl-serine � GPR55 (agonist?) � Unknown � Unknown
Prostamide F2a � Heterodimer between the FP receptor and a splicing

variant thereof (agonist)
� COX-2
� Prostaglandin F

synthase

� Unknown

Prostaglandin E2 glycerol ester � Unknown GPCR (agonist) � COX-2
� Prostaglandin E

synthase

� MAGL

ABHD, a,b-hydrolase; COMT, catecholamine O-methyl transferase; COX-2, cycloxygenase-2; DAGL, diacylglycerol lipase; FAAH, fatty acid amide hydrolase; GDE1, glycer-
ophosphodiesterase-1; GPCR, G protein-coupled receptor; GPR, orphan GPCR; MAGL, monoacylglycerol lipase; NAAA, N-acylethanolamine-hydrolyzing acid amidase; NAPE-
PLD, N-acyl-phosphatidylethanolamine-specific phospholipase D; PPAR, peroxisome proliferator-activated receptor; TRPM8, transient receptor potential melastatin type-8
cation channel; TRPV1, transient receptor potential vanilloid type-1 cation channel.
Note. The proposed molecular targets and biosynthetic and degrading enzymes for each compound or class of mediators are shown in order of importance, determined by the
number of independent studies confirming their role in the endocannabinoidome. Question marks refer to data not yet confirmed by 2 or more independent studies. Proteins
and mechanisms shown in italics can be modulated also by some phytocannabinoids.
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2-AG are metabolized by cycloxygenase-2 (COX-2) and, subse-
quently, prostaglandin synthases to compounds that are now con-
sidered part of the ‘‘endocannabinoidome,’’ and are known as
prostaglandin-ethanolamides (prostamides) and prostaglandin-
glycerol esters, respectively (Table 1). These compounds usually
exert pronociceptive and proinflammatory effects via nonprosta-
noid and non-CB1, non-CB2 receptors. Thus, inhibiting FAAH-1
and MAGL might cause endocannabinoids to be processed through
these mechanisms instead, thereby counteracting the indirect acti-
vation of cannabinoid receptors [24,60].

Thus, many reasons may exist to justify the, perhaps pessimistic,
prediction that selective inhibitors of endocannabinoid enzymatic
hydrolysis may not necessarily be clinically effective even when de-
void of adverse side effects. Indeed, a recent phase II clinical trial
with the irreversible FAAH-1 inhibitor, PF-04457845 (Fig. 2),
showed that chronic administration of this compound to patients
with pain due to osteoarthritis of the knee, whilst well tolerated
and efficacious at elevating the plasma levels of the endogenous
substrates of the enzyme (i.e., AEA and other N-acylethanolamines),
failed to produce analgesia [41]. Although there are always several
possible reasons for the failure in the clinic of any type of preclini-
cally effective medication, this recent study should perhaps lead to
re-evaluation of the possibility of co-administering inhibitors of
endocannabinoid inactivation with other analgesics. Based on the
above reasoning, one may envisage the co-administration of PF-
04457845 with submaximal, and possibly safer, doses of COX-2
inhibitors. Interestingly, evidence (reviewed in [60]) exists to sug-
gest that, at least in animal models, 2 widely used analgesic and
antipyretic drugs, acetaminophen (paracetamol) and dipyrone
(metamizol), act not just by inhibiting cyclooxygenases per se but
also through their metabolites formed in vivo through the action
of FAAH-1. These metabolites can then inhibit endocannabinoid
inactivation and/or directly activate cannabinoid receptors and/or
desensitize or antagonize TRPV1 channels. Therefore, simultaneous
modulation of several targets is perhaps the key to efficacious and
well-established antiinflammatory therapies, as it might be already
enacted by 2 widely used analgesics.

Also, the selective targeting of TRPV1, possibly the therapeutic
strategy towards new antihyperalgesic drugs in which the pharma-
ceutical industry has invested more money in the last decade, has
been so far unsuccessful in the clinic, although seemingly for rea-
sons of safety rather than efficacy. In fact, most of the TRPV1 antag-
onists tested thus far produce worrisome hyperthermic effects at
effective doses [75]. On the other hand, activation and desensitiza-
tion of TRPV1 with topical creams and patches containing capsaicin
[10], accompanied by transient peripheral denervation when high
concentrations of this compound are used, is also effective against
neuropathic pain, although not devoid of side effects [75]. Our



Fig. 2. Chemical structures of a selective FAAH-1 inhibitor already tested in the clinic, PF-04457845, and of 2 ‘‘dual’’ FAAH-1/TRPV1 blockers, N-arachidonoyl-serotonin and
OMDM-198.
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groups have recently dedicated some efforts to assessing whether,
instead, simultaneous blockade of TRPV1 and FAAH-1 (2 proteins
often co-localized in both central and peripheral nervous systems)
with the same compound could provide a better strategy. The first
dual TRPV1/FAAH-1 blocker ever identified is N-arachidonoyl-sero-
tonin [49] (Fig. 2), which was later identified as a naturally occur-
ring ELM [78]. This compound is more efficacious against
neuropathic [37], inflammatory [13], and acute [49] pain than sin-
gularly administered, more potent FAAH-1 and TRPV1 antagonists.
Importantly, N-arachidonoyl-serotonin appears to be devoid of
hyperthermic effects in mice [13]. In view of the consideration that
a certain degree of anxiety in osteoarthritic patients might render
antihyperalgesic/antiinflammatory drugs more efficacious [41], it
is interesting to note how this compound also proved to be a more
potent anxiolytic agent as compared to synthetic drugs with only
FAAH-1 or TRPV1 antagonist properties [55], an effect that might
represent a plus-value when assessing pain scores in man. Finally,
N-arachidonoyl-serotonin was recently found to inhibit also an-
other target for analgesic drugs, the T-type Ca2+ channels [36].

We have recently managed to improve, if not the pharmacody-
namic, at least possibly the stability and bioavailability of N-arach-
idonoyl-serotonin (which contains 2 chemical moieties, the
arachidonate and serotonin groups, highly liable to oxidation) with
the development of OMDM198 [56] (Fig. 2), a fully synthetic piper-
azinyl carbamate TRPV1/FAAH-1 blocker. This compound proved
effective in models of inflammatory pain and osteoarthritis (our
own unpublished data and Starowicz et al., 22nd Symposium on
Cannabinoids, Freiburg, Germany, July 22–27, 2012). These preli-
minary data, although still far from being translatable into suitable
clinical treatments, provide at least the proof-of-concept status to
the idea that rationally designed, multitarget drugs based on the
‘‘endocannabinoidome’’ may afford more potent, and yet possibly
safer, antihyperalgesic and antiinflammatory drugs, and will hope-
fully foster more intensive studies in this direction.
3. Emerging ELM-based drugs

Apart from N-arachidonoyl-serotonin, several other endogenous
small-molecule components of the ‘‘endocannabinoidome’’ exhibit
pain modulatory effects via several mechanisms of action (Fig. 3).
Among the best studied ones are: (1) N-arachidonoyl-glycine, which
inhibits pain [39,79] and has so far been suggested to inhibit T-type
Ca2+ channels [3] and the glycine transporter-2 [27] and to activate
the orphan GPCR, GPR18, also possibly involved in inflammation
[44]; and (2) N-arachidonoyl-dopamine, a dual TRPV1 and CB1 ago-
nist initially described to induce pain [40] and recently suggested to
also inhibit T-type Ca2+ channels [64] and to counteract pain when
spinally injected via TRPV1 desensitization and CB1 activation [31].
However, among ELMs, the one that has certainly been most thor-
oughly studied is N-palmitoyl-ethanolamine (PEA) (Fig. 3).

PEA is currently marketed in Italy as Normast� (Epitech Group,
Saccolongo, Padua, Italy), a dietary supplement with specific medi-
cal use, prescribed for the treatment of neuropathic pain and other
conditions characterized, among other things, by mast cell hyperac-
tivity. PEA is also marketed as Pelvilen� (Epitech Group, Saccolongo,
Padua, Italy) in a 10:1 formulation with the antioxidant agent polyd-
atin, against pelvic pain. PEA and other saturated N-acylethanola-
mines that are almost ubiquitously found in animal tissues, were
initially described as autacoid local inflammation antagonist
amides, with specific inhibitory action on mast cell degranulation
[30]. However, since then, the potential therapeutic effects of this
pleiotropic compound have greatly enlarged, encompassing antiin-
flammatory, analgesic, and neuroprotective actions exerted also at
the level of microglia, astrocytes, neurons, macrophages, and adipo-
cytes (see [28] for a recent review). Perhaps more relevant to the
subject of this article, PEA is now recognized as a multitarget lipid
mediator, its effects being exerted essentially through 3 general
mechanisms: (1) activation of peroxisome proliferator-activated
receptor-a (PPAR-a), with subsequent short-term (nonnuclear)



Fig. 3. Chemical structures of 3 among the most studied endocannabinoid-like
mediators, N-arachidonoyl-glycine, N-arachidonoyl-dopamine, and N-palmitoyl-
ethanolamine.
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analgesic actions, seemingly mediated by Ca2+-activated K+ chan-
nels, and long-term (nuclear) antiinflammatory effects [48]; (2)
potentiation of AEA actions at cannabinoid receptors and of AEA
desensitization of TRPV1 channels (‘‘entourage’’ effects), and possi-
bly direct activation and desensitization of TRPV1 at higher concen-
trations [19]; (3) activation of the orphan GPCR, GPR55, or of PPAR-c
[7,14,68], although these mechanisms (and their involvement in the
analgesic actions of PEA) are less established than the former 2; and
4) a combination of 2 or more of the above mechanisms [14]. While a
full review of the several facets of PEA pharmacology in animal mod-
els of pain and inflammation was not among the aims of this article,
it is important to underline that phase I and II trials have corrobo-
rated the efficacy of PEA and its formulations against: (1) entrap-
ment neuropathy of the median nerve in the wrist [12]; (2)
chronic pelvic pain related to endometriosis after laparoscopic
assessment [11]; (3) temporomandibular joint inflammatory pain
[51]; and (4) chronic pain severity in 610 patients, with pain associ-
ated to different pathological conditions [35]. Furthermore, enhanc-
ers of PEA endogenous levels through inhibition of its most
important hydrolytic enzyme, the N-acylethanolamine-hydrolyzing
acid amidase, are also being tested against pain and inflammation
[69,72]. It is possible that, following the example of PEA, other mul-
titarget ELMs might constitute in the future the bases to develop
new analgesic treatments as ‘‘medical foods.’’

4. Back to cannabis: Phytocannabinoids

It seemed emblematic to end this review article by going back to
where the whole story began, that is, to cannabis and cannabinoids.
As mentioned above, studies on THC triggered the discovery of the
‘‘endocannabinoidome,’’ but this compound is only one of the sev-
eral cannabinoids (or ‘‘phytocannabinoids’’) so far identified in can-
nabis flowers (Fig. 1). The second most studied such compound is
CBD, the antiinflammatory properties of which have been known
since the end of last century and are now being investigated in their
mechanistic aspects (see [42] for a recent review). Over the last 2
decades, in addition to its antioxidant properties, a plethora of
molecular targets have been proposed for CBD, which could explain
why this compound has proven efficacious in nearly all types of
inflammatory conditions investigated thus far [42]. However,
assuming that this could be a criterion for selection (given the fact
that very high doses of CBD can be administered in vivo with little
or no complication), only little more than a handful of these effects
are exerted at sub/low-micromolar concentrations in vitro, includ-
ing: (1) inhibition of the equilibrative nucleoside transporter and
subsequent indirect activation of adenosine receptors [8]; (2) indi-
rect activation of 5-HT1a receptors [62]; (3) inhibition of AEA cellular
reuptake and hydrolysis by FAAH-1 [4,46] and subsequent indirect
activation of cannabinoid receptors; (4) activation and desensitiza-
tion of TRPV1 [4] as well as of TRPV type-2 [61] and transient recep-
tor potential of ankyrin type-1 (TRPA1) channels [21]; (5) activation
of PPAR-c [29]; (6) inhibition of T-type Ca2+ channels [65]; (7) acti-
vation of a3 glycine receptors [80]; and (8) antagonism of GPR55, at
least according to some authors (see [71] for review). Moreover, only
sparse evidence exists for the participation of these potential direct
and indirect targets in the antiinflammatory actions of CBD, and
such evidence is limited to TRPV1 [15,17], a3 glycine receptors
[80], TRPA1, CB1, 5-HT1a, and adenosine A1 receptors [50].

More recently, other non-THC cannabinoids also have been the
focus of pharmacological studies, and, in particular, for D9-tetrahy-
drocannabivarin (THCV), D9-tetrahydrocannabiorcol (THCO), cann-
abichromene (CBC), and cannabigerol (CBG) (Fig. 1), there starts to
be evidence for analgesic and antiinflammatory actions. These phy-
tocannabinoids all activate and desensitize TRPA1 channels,
whereas only THCV and cannabigerol are known to also activate
TRPV1 [1,21]. Furthermore, of these 4 compounds, only THCV was
reported to bind to CB1 and CB2 receptors, although as a neutral
antagonist rather than an agonist [76]. This property does not pre-
vent THCV from exerting important antiinflammatory, analgesic,
and antihyperalgesic actions in models of acute, neuropathic, and
inflammatory pain (which, however, may be partly due also to THCV
capability of activating CB2 receptors at higher concentrations) [5].
Indeed, there is evidence that also CB1 antagonists/inverse agonists
produce paradoxical analgesic and antiinflammatory effects [16,18].
On the other hand, in a model of visceral pain, THCV was shown to
antagonize THC analgesic effects [6]. Like CBD, CBC, injected locally,
also stimulates the descending antinociceptive pathway in the peri-
aqueductal grey of healthy mice via a combination of mechanisms
including indirect or direct activation of TRPA1, CB1, 5-HT1a, and
adenosine A1 receptors [50], and inhibits inflammation-induced
hypermotility of the small intestine via unknown molecular mecha-
nisms [43]. Unlike CBD, however, it inhibits visceral pain induced by
acetic acid [6]. Spinally injected THCO, by activating TRPA1 and sub-
sequently reducing voltage-gated calcium and sodium currents in
primary sensory neurons, was reported to increase the paw with-
drawal threshold in the paw-pressure test and paw withdrawal la-
tency in the cold-plate test in mice [1]. Finally, preliminary
evidence exists for antihyperalgesic and antioedemigenic action of
cannabigerol in the carrageenan-induced model of inflammatory
pain (Comelli et al., Symposium on Cannabinoids, Freiburg, Ger-
many, July 22–27, 2012). These latter effects are mediated by a2-
adrenoceptors, in agreement with the recently reported agonist ef-
fect of CBG at these receptors [9].

In summary, at least as far as their analgesic and antiinflamma-
tory effects are concerned, non-THC cannabinoids seem to recapitu-
late the multi-target mechanism of action of AEA and ELMs.
However, even with the most studied of these natural products
(i.e., CBD), much work is still needed to fully understand what mech-
anisms are involved in what effects and, perhaps even more impor-
tantly, to ascertain whether such knowledge can be eventually
translated into the development of novel analgesics. Nevertheless,
perhaps emblematic of the need for a multitarget approach to tackle
the as-yet unsolved problem of untreatable chronic and neuropathic
pain conditions, the first phytocannabinoid-based drug, Sativex�

(GW Pharmaceuticals, Salisbury, UK), has been approved not only
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for the treatment of spasticity in multiple sclerosis in several coun-
tries, but, since 2007 in Canada, also against neuropathic pain in
multiple sclerosis and cancer pain [63,67]. In fact, Sativex is a
botanical drug constituted of an approximately 1:1 ratio of cannab-
inoid-enriched extracts from 2 cannabis varieties, one producing
predominantly THC and the other CBD. It was initially developed
based on data suggesting that the latter compound, in addition to
its own therapeutic actions, also counteracts some of the psychotro-
pic effects of THC, and hence allows for the administration of other-
wise less tolerable dosages of this drug [67]. Thus, Sativex represents
the first successful example, not only of a phytocannabinoid-based
botanical drug, but also of a therapy exploiting the principle of the
multitarget approach both to improve the efficacy and to reduce
the side effects of a monotherapy. Indeed, when manipulating the
endocannabinoid system, one should always give preference to ap-
proaches that produce as little change as possible in the overall
activity of CB1 receptors in the brain, as indicated by the psychiatric
side effects often observed with both CB1 receptor inverse agonists
(depression and anxiety, in obese patients) and agonists (psychosis,
especially in adolescents, and euphoria) [45].

5. Conclusions

We have tried in this article to show how, starting from studies
on the medicinal properties of the cannabis plant, a whole system
of endogenous chemical signals potentially involved in pain and
inflammation has been revealed. The receptors and enzymes
(e.g., orphan and already known GPCRs, TRP channels, PPARs, ara-
chidonate cascade enzymes) that, together with these chemical
signals, constitute the ‘‘endocannabinoidome’’ (Table 1), seem to
act as molecular targets not only for THC but also for other previ-
ously neglected cannabinoids. The therapeutic use of THC and its
synthetic analogue, nabilone, against pain has recently met with
some success [74,77]. Safe as well as efficacious pharmacological
interventions targeting this complex system, however, are difficult
to develop, although not impossible, especially if one revives the
idea of the multitarget drug, be it of synthetic or natural origin.
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